Oxymyoglobin is converted into metmyoglobin spontaneously in the presence of air (George & Stratmann, 1954; Brown & Mebine, 1969; Gotoh & Shikama, 1974) . However, the mechanism of this autoxidation remains to be completely claiified. Brown & Mebine (1969) This scheme suggests that 02_-iS generated during the reaction, and that 02--and H202 are involved in the reaction mechanism. Gotoh & Shikama (1976) showed that 02"-iS generated during the autoxidation of myoglobin, and also showed that eqn. (1) takes place. Shikama & Sugawara (1978) proposed that -the reaction proceeds by first-order in accordance with eqn. (1) Samples were removed from a small glass tube at intervals for analysis (every 2h) and applied on an Ampholine gel plate (pH 3.5-9.5; LKB, Uppsala, Sweden). Isoelectric focusing was performed at 40C for 1.5 h. Then the gel was fixed, and the percentages of oxymyoglobin and metmyoglobin during the autoxidation of myoglobin were measured as mentioned previously (Tomoda et al., 1979) .
Results

Electrophoretic pattern of partially autoxidized myoglobin on Ampholine gelplate
The isoelectric-focusing pattern of the myoglobin solutions that were partially autoxidized during 4h incubation at pH 7.0 at 370C is shown in Fig. 1 Vol. 193 metmyoglobin. Oxymyoglobin and metmyoglobin in the solutions were separated from each other by this method. The electrophoretic pattern was further analysed by gel scanning as shown in Fig. 1(b) . The percentages of oxymyoglobin and metmyoglobin compared with total haem in this sample were found to be 44.2% and 55.8% respectively. Fractional changes in the percentage of oxymyoglobin during autoxidation of myoglobin under various conditions Fig. 2 shows the fractional changes in the percentage of oxymyoglobin during the autoxidation reaction in the presence and in the absence of 10 catalase, and of superoxide dismutase at pH 7.0, as shown by analysis by isoelectric-focusing electrophoresis. The oxymyoglobin decrease was firstorder, but, however, was affected by the presence of the enzymes. From the results, the observed firstorder reaction rate constants (kob,.) were obtained.
In the absence of superoxide dismutase and catalase kobs was -0.153h-1. In the presence of catalase kobs. was decreased by 31% (kob. = -0.105 h-'). The reaction rate constant in the presence of both superoxide dismutase and catalase was decreased by 35% (k0bs.=-0.100h-'). The addition of superoxide dismutase alone decreased the rate constants by 10% (kobs. = -0.137h-1).
The effect of superoxide dismutase and catalase 10 on myoglobin autoxidation was investigated at various pH values (6.6-7.8) (Figs. 3a and 3b ). As shown in Fig. 3(a) , the autoxidation of myoglobin was dependent on pH, i.e. the reaction rates were accelerated in the acidic regions in the absence of both catalase and superoxide dismutase. This tendency was observed in the presence of both catalase and superoxide dismutase at pH regions studied, though the reaction rates were much decreased by the enzymes (Fig. 3b) . Fig. 3(c) shows the pH profiles of the observed first-order rate constants obtained from Figs. 3(a) and 3(b). The observed first-order rate constants were closedly correlated to the changes in pH in spite of the presence or absence of the enzymes.
However, the ratio of kobs (-Enz) to kobs. (+Enz) (about 1.6) was not altered by the changes in pH (inset of Fig. 3c) 
MbO2+ 02*-+ 2H+ --MetMb + 02 + H202 (2) 2MbO2 + H202 + 2H+ -2MetMb + 202 + 2H20 (3) Sum:
4MbO2 + 4H+ -4MetMb + 302 + 2H20 (4) The stoicheiometry of eqn. (4) was shown experimentally by Brown & Mebine (1969) . By this mechanism the oxidation rates of oxymyoglobin should theoretically decrease by 50% in the presence of catalase, by 25% in the presence of superoxide dismutase and by 75% in the presence of both enzymes. It is probable that the dismutation of superoxide anion competes with its reaction with MbO2, and results in the same stoicheiometry, i.e.: expectation, the reaction proceeded as first-order in the experiment. This discrepancy may be explained by the kinetics shown below.
From eqns.
(1), (2') and (3'), the following rate equations for each reaction species would be written: (1)- (3) and (1)-(3').
The chain reactions such as eqns. (1)- (3) and (1) (1) in the present paper. Since autoxidation rates were dependent on pH in the presence of superoxide dismutase and catalase, where eqns. (2') and (3') are suppressed (Fig. 3c) , this finding is probably due to the fact that the eqn.
(1) will proceed according to the acid-base three-state model. If the pHdependence of the overall autoxidation of myoglobin is due to only the acid-base three-state model of eqn.
(1), it should be satisfied that the ratio of kob (-Enz) [which includes eqns. (1) [MbO2] In this case, the value of the kOb. (-Enz)/kObS.
(+Enz) ratio is expected to be 3 theoretically. Therefore our results in the inset of Fig. 3(c) support the view that eqns. (1)-(3') will be more probable than eqns. (1)-(3).
Summing up the results stated above, the autoxidation of myoglobin will proceed according to the chain reactions shown by eqns. (1), (2') and (3'), where 020-and H202 are involved. The pHdependence of the reaction may be explained by the acid-base three-state model proposed by Shikama & Sugawara (1978) .
